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THE DEMONSTRATION OF CELLULAR COMPONENTS OF
PYOCOCCI IN THE TISSUES OF SOME SKIN LESIONS*
SADAO IMAMURA, M.D. AND SIIIGEO OFUJI, M.D.
It has not been possible to demonstrate tbe
presence of microorganisms in the lesions of
several cutaneous disorders thought to be the
result of an allergic response to staphylococci
or streptococci. The reason for this may be
that some cellular components of cocci produce
the skin lesions or that the cocci which pro-
duced the skin lesions were destroyed by the
allergic reaction itself.
The detection of the cellular components of
cocci in the tissues was first made possible by
Coons and his co-workers (1) who originated
the immunofluorescent technic. Using this tech-
nic, pncumococcal polysaecharide (2), strepto-
coccus polysaccharidc (3), etc. were demon-
strated specifically on the sections under the
fluorescence microscope.
The purpose of this study was to attempt to
find some cellular components of pyococci in
cutaneous tissues by means of the immunofiuo-
rcscent technic.
MATERIALS AND METHODS
Bacteria.—Strain Terajima of Staphylococcus
aureus or strain 0 55 of Escherichia coli was grown
on agar media. Strain S 43, T 6 of Streptococcus
pyo genes was grown in broth, enriched with 5 per
cent yeast extract.
Preparation of cellular components of bacteria.
—Bacteria suspended in distilled water were dis-
rupted by French Press (Ohtakc Co. Ltd., Japan).
After the suspensions were shaken for 2 days at
pH 8.0, they were centrifugatcd at 10,000 rpm f or
15 minutes and the sediments were removed. After
the sterility was ascertained by culture the su-
pcrnatants were frozen and dried, and then stored
at 4 C.
Preparation of antibacterial sera.—Staphylococci
or streptococci were gathered and suspended in
saline at the concentration of 1 mg per ml, and
were then killed by heating for 30 minutes at 60 C
far 3 successive days. The albino rabbits, weigh-
ing 2.0 to 2.5 kg were given four courses of intra-
venous injections consisting of inoculation on 3
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successive days and a rest of 4 days. The dosage
for the first injection was 0.5 ml and this was in-
creased 0.5 ml each time, until 5 ml ware injected.
The rabbits ware bled 5 days after the final in-
jection. The antibacterial sara which showed pre-
cipitin lines on the agar plates by Ouchterlony
against homologous bacterial aqueous solution con-
taining 20 mg of cellular components par ml ware
selectively employed for the following procedures.
Preparation of antibacteria con jugates.—T his
procedure was done in a cold room at 4 C. A
globulin fraction of each antisarum was obtained
by three preaipitations with half-saturated am-
monium sulfate. The precipitate was dissolved in
saline and dialized against 1/15 M phosphate buff-
ared saline (pH 7.1) (PBS), until no trace of am-
monium ion was detectable. Globulin fractions
thus obtained were conjugated with fiuoreseein
isothiocyanate (FITC), according to the method
of Marshall et al. (4). Dye to protein ratio was
1:40 and duration of conjugation was 6 hrs. Dialy-
sis of conjugates was performed against PBS until
the dialysate contained no visible dya. The con-
jugates were fractionated through DEAE-cellulose
columns. The eluatas ware concentrated by dialy-
sis against 20% palyvinylpyrolidone. Then they
were dialyzed against PBS for 7 days. The amount
of protein and F/P of conjugates used in the pres-
ent study were 1.99 mg/ml and 2.29 for anti-
staphylococcus conjugate and 2.31 mg/ml and 3.50
for antistreptoeoocus conjugate.
Preparation of smears .—Smears of bacteria
taken from the media were made on non-fluores-
cent glass slides. After they were air dried, they
were fixed in 95% ethanol for 30 minutes at 37 C.
Preparation of sections—Pieces of tissues were
stuck on the wall of the test tube, quick—frozen at
—70 C in an acetone-dry ice mixture, and stored
at —20 C until use. Frozen sections were cut at a
thickness of 3.5 to 7.0 t in a eryostat at —20 C,
thawad on non-fluorescent glass slides, immedi-
ately air dried and fixed for 30 minutes at 37 C.
As fixatives, absolute ethanol, 95% ethanol with
or without 1% acetic acid, and 5% neutral for-
malin with or without 1% acetic acid were tried.
In the present study 5% neutral formalin without
acetic acid was selectively usad, as this agent was
most effective in preventing non-specific stain-
ing of the skin sections, especially of the epidermis
and epidermal appendages.
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TABLE I
Staining effects on the bacterial cells
Antistaphylo-
coccus conjugate Antistreptococ-cus conjugate
Staphylococci ++ —
Streptococci — ++
Escherichia coli — —
Staining procedure .—Smcars or sections fixed
were immersed in cold PBS over 10 minutes, and
then 1 or 2 drops of antibacteria conjugate were
placed in a moist chamber at room tempcrature
overnight. After the staining they were rinsed with
3 changes of cold PBS and mounted under a cover
slip with buffered glycerol, then examined through
the fluorescence microscope.
Determination of the specificity of the reaction.
—The specificity of the reaction with the unab-
sorbed conjugate was confirmed by the negative
reaction with the absorbed conjugate which was
made by adding homolgous cellular components
of cocci to the conjugate.
Iderttificction of the fluorescent cells—The same
section that was stained with conjugate, and oc-
casionally, in addition, the adjacent sections were
stained with hematoxylin and eosin in order to
identify the fluorescent cells.
Fluorescence microscope and photo graphy —A
Zeiss fluorescence microscope, equipped with ul-
traviolet light from an Osram HBO 200 maximum
pressure mercury lamp, was used. Photomiero-
graphs were recorded on 35 mm Tri-X Pan Film.
aE5ULTS
Cross-reactions among bacterial species
Specific detection and differentiation of
bacterial cells were attempted on the smears by
means of the immunofluorescent technic.
All smears of staphylococci, streptococci or
escherichia coli were stained, presumably on
their surfaces, with antistaphylococcus con-
jugate, or with antistreptococeus conjugate by
the direct method. Staphylococci and strepto-
cocci showed strong bright fluorescence when
they were stained with homologous antibacteria
conjugate, but no fluorescence was observed
when heterologous antibacteria conjugate was
applied to them. The cross-reactions between
these two species could not be found as shown in
Table I. Eseherichia coli did not show any
specific fluorescence when either conjugate was
applied.
In order to investigate the staining effects on
cellular components of bacteria and the cross-
reactions among them, the frozen sections from
the livers, spleens and kidneys of mice which
were injected with the cellular components of
bacteria were stained with antistaphylococcus
conjugate or antistreptococeus conjugate. The
preparation of the frozen sections was as fol-
lows: the albino mice, weighing approximately
20 g were injected (into a tail vein) with 20
mg of cellular components of staphylococci,
streptococci or Escherichia coli. They were
sacrificed by decapitation 30 minutes after
the injection, and the livers, spleens and kidneys
were removed.
On the frozen sections from the liver and
spleen of the mouse which was given the cellu-
lar components of staphylococci, a large num-
ber of fluorescent granules, or their aggre-
gates which reacted to antistaphylococeus
conjugate, were observed in the cytoplasm of
Kupffer cells of the liver and reticulum cells of
the spleen. A few fluorescent granules were
also detected in some of the dilated sinusoids of
the liver and some of the glomeruli of the kid-
neys. These granules, though in a somewhat
lesser degree, also reacted to antistreptocoecus
conjugate. The cellular components of strepto-
cocci which were contained in the cytoplasm
of Kupffer cells and sinusoids of the liver,
reticulum cells of the spleen and glomeruli of
the kidneys reacted with antistreptococcus
conjugate and also to antistapbylococcus con-
jugate. On the sections from the tissues of
mouse which was given the cellular compo-
nents of Escherichia coli, no fluorescent material
could be found that reacted to antistaphylococ-
cus conjugate or antistreptococcus conjugate.
(Table II)
Demonstration of cellular components of
bacteria on the sections from the tissues
of some skin lesions
Biopsy specimens were obtained from 32 pa-
tients with various dermatoses: furuncle (6),
nummular eczema (6), so-called autosensitiza-
tion dermatitis (6), erythema multiforme
(2), seborrheic eczema (2), atopic dermatitis
(1), neurodermitis circumscripta (1), lichen
planus (1), erythema induratum (1), Behget's
syndrome (2), alopecia areata (2) and normal
skin (2). The specimens were obtained from
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FIG. 1. Smear of stapylococci which was stained with antistaphylococcus conjugate. Staphy-
lococci show strong bright fluorescence, presumably on their surfaces. They do not react to
antistreptococcus conjugate. (X3000)
FIG. 2. Smear of streptococci which was stained with antistreptococcus conjugate. Strepto-
cocci show strong bright fluorescence, especially on their surfaces. They do not react to anti-
staphylococcus conjugate. (X3000)
recent and uninjured lesions with no second-
ary changes in order to avoid miscellaneous
data. Frozen sections were made and stained
with antistaphylocoecus conjugate or anti-
streptococcus conjugate. Table III shows the
staining effects on the sections from various
skin lesions.
Furuncic: Granular or amorphous fluorescent
materials which reacted to antistaphylocoecus
conjugate were present in the cytoplasm of al-
most all of the polymorphonuclcar Icukocytes
and histiocytes densely located around the hair
follicles and upper dermis. A few extracellular
fluorescent granules were also observed.
In 3 of the 6 cases, the fluorescent materials
were also found free from or within the cyto-
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TABLE II
Staining effects on the cellular
components of bacteria
Antistaphylo-
coccus conjugate Antistreptococ-cus coujugate
Staphylococci
Streptococci
Eseherichia coli
++
+
—
+
++
—
plasm of migratory cells in the intercellular
spaces of the epidermis. There was no fluores-
cence in the capillary walls.
The fluorescent materials which reacted to
antistaphylococcus conjugate reacted to anti-
streptococcus conjugate as well, but did not
react to the conjugate which was absorbed
with the cellular components of staphylococci.
Nummular eczema: In 3 of the 6 cases,
fluorescent materials were observed both in
the epidermis and in the dermis. Some diffuse
or granular fluorescent materials which reacted
with antistaphylococcus conjugate formed a
network appearance in the epidermis. Other
fluorescent materials were within the cyto-
plasm of polymorphonuclear leukocytes and
histiocytes.
A considerable number of polymorphonuclear
leukocytes and histiocytes containing fluorcs-
cent materials were observed in the papillae and
upper dermis in the specimens of all 6 cases.
Besides, many fluorescent granules were scat-
tered around them extracellulary. However,
there were many migratory cells, i.e. polymor-
phonuclear leukocytes, histiocytes, lympho-
cytes etc. left without fluorescent materials in
Furuncle
Nummular eczema
Autosensitization
dermatitis
Erythema multiforme
Seborrheic eczema
Atopic dermatitis
Neurodermatitis cir-
cumscripta
Lichen planus
Erythema induratum
Behcet's syndrome
Alopecia areata
Normal skin
Fia. 3. Liver of the mouse which was injected with the cellular components of staphylo-
cocci. A large number of fluorescent granules or their aggregates which react to antistaphylo-
coccus conjugate, are observed in the cytoplasm of Kopifer cells and dilated sinusoids. These
fluorescent materials also react to antistreptococcus conjugate. (>< 1200)
TABLE III
Staining effects on the sections from
various skin lesions
No. of cases
examined
6
6
6
2
2
1
1
1
1
2
2
2
No. of cases with
positive reaction
Epidermis Dermis
3 6
3 6
0 6
0 2
0 0
O 0
0 0
O 0
O 0
0 0
O 0
0 0
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Fio.4. Furuncle: Granular or amorphous fluorescent materials are present in the cytoplasm
of polymorphonuclear leukocytes and histiocytes. A few fluorescent granules are also observed
around them extracellulary. (Elastic fibers show autofluorescence.) (X 1200)
the same specimens. The fluorescent materials
which reacted with antistaphylococcus conju-
gate also reacted to antistrcptococcus conjugate,
but did not react with the conjugate which
was absorbed with the cellular components of
staphylococci.
No bacterial cells could be found in the same
specimens by Gram stain.
So-coiled autosensitization dermatitis and
erythema multiforme: The findings by means
of immunofluorcscent technic did not show
great difference in all 6 cases of autosensitiza-
tion dermatitis and 2 cases of erythema
multiforme. The fluorescent materials were ob-
served only in the papillae and upper dermis.
There was no specific fluorescence in the epi-
dermis. In the cytoplasm of some histiocytes in
the dermis there were granular or amorphous
fluorescent materials which reacted with anti-
staphylococcus conjugate. Moreover, a few flu-
orescent granules were also observed extra-
cellulary in the upper dermis. No fluorescent
materials were present in the capillary walls.
The fluorescent materials which reacted to
antistaphylococcus conjugate also reacted to
antistreptococcus conjugate, but did not react
to the conjugate which was absorbed with the
cellular components of staphylococci.
No bacterial cells were detected in the same
specimens by Gram stain.
Seborrheic eczema, atopic dermatitis, neuro-
dermitis circumscripta, lichen planus, erythema
induratum, Behçet's syndrome, alopecia areata
and normal skin: There were no fluorescent
materials which reacted to either antistaphylo-
coccus conjugate or antistreptococcus conju-
gate in the biopsy specimens of these dcrmato-
ses,
DIscussIoN
Cross-reactions of cells among bacterial
species have been observed and reported.
Pittman and Moody (5) observed that fluorcs-
cein-labeled globulin from the animals which
were immunized with streptococci reacted to
staphylococci. On the other hand, Halperen
et al. (6) found no fluorescein staining reaction
of staphylococci to labeled antistreptococcus
scra. Our experimental results confirmed the
latters' findings and showed that the fluores-
cein-labeled antibody reacted with the homol-
ogous bacterial cells, presumably on the sur-
faces. The formers' observation may be due
to the normal antibodies for staphylococci in
the sera of animals as indicated by Cohen et al.
(7).
The cellular components of staphylococci or
streptococci which were extracted from the
disrupted bacterial cells, reacted not only to
homologous antibacteria conjugate, but also to
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(11—14). The fluorescent materials which re-
acted to antibacteria conjugate in the epider-
mis and dermis in the specimens of nummular
eczema may indicate that the cellular com-
ponents of bacteria were absorbed into the skin
from the surface.
Since Whitficld (15) first described so-called
autosensitization dermatitis, there have been
many opinions about the mechanism of its oc-
currence. Storck (11), Strempcl (12),
Rajka (13) and Ofuji at at. (14), considered
that autosensitization dermatitis was a mani-
festation of allergic reaction to the cellular com-
ponents or toxins from staphylococci on the
primary madidant lesions. Based on the follow-
ing: 1.) the positive skin reactions to staphylo-
coccal materials, 2.) flora of staphylococci on
the primary madidant lesions, 3.) course of
development of the disseminated skin lesions,
Fio. 5. Nummular eczema: Some diffuse and
granular fluorescent materials form a network ap-
pearance in the epidermis. A considerable amount
of polymorphonuclear leukocytes and histiocytes
in the papillae and upper dermis contain fluores-
cent materials. Besides, fluorescent granules are
present around them extracellulary. (Epidermis
is stained slightly non-specifically.) (X282)
the hcterologous one. However, the cellular com-
ponents of .Escherichia coil reacted neither to
antistaphylococcus conjugate nor to antistrcp-
tococcus conjugate. Lancefield (8) noted that
the nucicoprotein of staphylococci was non-
specific and gave risc to an antibody which
showed group reactions to nuclcoprotcins of
related species, such as streptococci or pneumo-
cocci. Similar results were given by Boor at at.
(9) and Hosoe (10), using precipitin reaction.
It may be considered that labeled antibodies
react with the surface of intact bacterial cells
(principally with polysaccharidc and group
or type specific protein). They showed no
cross-reaction. When disrupted, they also react
to their inner components (principally nuclco-
protein), and do show cross-reaction.
In vcsiculosquamous or cczematous lesions,
many bacteria, mainly staphylococci, are grown
Fio. 6. So-called autosensitization dermatitis:
Granular or amorphous fluorescent materials are
present in the cytoplasm of some histiocytcs. A
few fluorescent granules are also observed extra-
cellulary in the upper dermis. There are no
specific fluorescent materials in the epidermis.(Stratum corneum and elastic fibers show auto-
fluorescence. Epidermis except for stratum cor-
neum is stained slightly non-specifically.) (X273)
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4.) therapeutic effects of antibiotics, 5.) posi-
tive blood culture of stapbylococci in the pa-
tients and 6.) provocation of the skin lesions
from subcutaneous injection of small doses of
vaccine from staphylococci.
As one of the causes of erythema multiforme,
focal infection has been noticed by some authors
(16). Although little is known about the
mechanism whereby the infective foci cause the
skin lesions, it may be supposed that staphylo-
cocci or streptococci play a role, perhaps as
a component of an allergen, in the etiology of
this disease.
According to our experimental results, some
fluorescent materials which were not bacterial
cells themselves, hut which reacted with anti-
bacteria conjugate, were demonstrated only in
the papillae and upper dermis in the specimens
of both autosensitization dermatitis and ery-
thema multiforme. These results may give an
evidence favoring the above-mentioned theories,
i.e. that these skin diseases may he caused by
allergic reactions to staphylococci or strepto-
cocci.
However, many questions remain unanswered.
In addition to the problem of cross-reactions
of the cellular components of cocci among
some species discussed above, there is a prob-
lem of cross-reactions between the cocci and
some human tissue constituents. Kaplan (17)
observed intense reactions of myoflbers and
vessel walls of heart to antistreptococeus
Group A conjugate, and Markowitz and Lange
(18) showed that soluble fractions obtained
from pooled human glomeruli and the cell
membrane of nephritogenic streptococci were
immunologically cross-reactive. The possibility
of eliminating the cross-reactions are under in-
vestigation, using specific bacterial substances
such as bacterial polysaceharide components as
indicated by Wieghard and by Julianelle
(19—20).
SUMMARY
Using the immunofluoreseent technic, staph-
ylococci, streptococci or Escherichia coli were
stained with antistaphylocoecus conjugate or
antistrepteoceus conjugate. The cells of
staphylococci or streptococci reacted only with
homologous antibacteria conjugate, presumably
on their surfaces, and did not react to the
heterologous one. On the other hand, the eellu-
lar components of staphylococci or streptococci
reacted not only with homologous antibacteria
conjugate, but also crossly with the heterolo-
gous one. Escherichia coli, as cells or cellular
components, reacted neither with antistaphylo-
coccus conjugate nor with antistreptococeus
conjugate.
The frozen sections obtained from various
skin lesions were stained with antistaphyloeoc-
cus conjugate or antistreptocoecus conjugate.
In the specimens of furunele, there were
granular or amorphous fluorescent materials
which were mostly contained within the
cytoplasm of polymorphonuelear leukoeytes
and histiocytes in the dermis and epidermis.
In the specimens of nummular eczema,
granular or amorphous fluorescent materials
which were free from or within the cytoplasm
of polymorphonuclear leukocytes and histio-
cytes were observed in the epidermis and der-
mis. In the specimens of so-called autosen-
sitization dermatitis and erythema multiforme
the fluorescent materials were demonstrated
only in the dermis, being mostly contained
within the cytoplasm of histiocytes. There
were no fluorescent materials in the specimens
of seborrheic eczema, atopic dermatitis, neuro-
dermitis eircumscripta, lichen planus, erythema
induratum, Behçet's syndrome, alopecia areata
and normal skin.
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